Abstract-
I.
INTRODUCTION Chick brooding refers to the period from day old, when chicks are hatched to age of about 28 days when the young birds are unable to maintain their normal body temperature without the aid of supplementary heat. Chicks exposed to temperatures below 34 0 C on the first day and below 21 0 C by day 28 of life makes the young birds uncomfortable, hence feed and water intake required for good s tart are lowered. The consequences being poor feed conversion, high disease incidences, reduced growth rate and in extreme cases high mortality rate. According to [1] , 75% of poultry population in Kenya consists of indigenous chicken kept under a free range system in small flocks of less than 30 birds by over 90% of the rural households. Despite their numbers, indigenous chicken have low productivity and only contribute 60% and 50% of the chicken meat and eggs respectively, consumed in the country. The majority of smallholder farmers with flock size averaging 10 to 50 chickens hardly realize improved productivity, which could be explained by the manner in which they adopt disseminated management intervention package. The management intervention package designed to improve productivity of indigenous chickens include housing, feed supplementation, vaccination, brooding, and chick rearing [2] . Indigenous chickens are of great importance to smallholder farmers. However, farmers face the challenge of improving productivity of their flock that could benefit them to increase financial and food security [3] . Feed conversion is more efficient at optimum temperatures than at temperatures that are colder or warmer https://dx.doi.org/10.22161/ijaems.5.5. [4] , [5] .Temperature on the floor, at the edge of the heat source, should be 32 to 35°C for the first week. As long as the temperature at the edge of the heat lamp or brooder stove is this warm, the air temperature 2m away from the heat source can be as low as 28°C. If you cannot maintain a hot point next to the heat lamp, an average air temperature of 30 to 31°C is suggested. The temperature should be reduced by 3°C (5°F) per week, until the room temperature of 20ºC is reached [6] . Artificial chick brooders exist of every conceivable type and size, heated by oil, coal, wood, water, gas and electricity. With the exception of the electric brooders, all other methods are difficult to operate with local skills in rural areas. They do not maintain constant brooding temperature, require foreign currency for importation and are expensive for flock size of less than 1000 chicks. On the contrary electric brooders are economically feasible, could safely and easily be constructed and maintain the desired constant brooding temperature. However, it is difficult to adopt electric brooders by the African rural household poultry producers owing to the unavailability of electric power, numbers of chicks to be raised and remote locations of the farm sites [7] . As chicks grow and mature, the need for supplemental heat is less important whereas, the need for adequate space becomes critical. The initial brooding temperature below the hover should be 35°C at 5 cm from the floor and this initial brooding temperature should be reduced by approximately 3°C per week until 21°C is reached [8] .
According to [9] , thriving of poultry production in developing countries where electricity supply has remained inadequate and unreliable, therefore, alternative methods of meeting the energy needs in agriculture and in the poultry industry specifically have to be evolved. Large-scale utilization of solar energy is fraught with problems due to the low flux density of solar radiation and intermittency. This necessitates the use of large surfaces to collect solar energy. Solar energy has a regular daily and regular annual cycle, and is unavailable during periods of bad weather. These daily and seasonal variations in irradiance, exacerbated by variations due to weather, introduce special problems in storage and distribution of this energy which are entirely different from problems involved in the utilization of conventional energy so urces as declared by [10] and [11] . The objectives of this study were to develop computer models for simulating the solar energy harnessedby trombe wall for brooding chicks and the performance of the brooding system. Secondly, optimization of the design parameters and evaluation of the performance of the solar heating passive brooder system. The brooding environment conditions can be predicted by conducting experiments or by using simulation models. Simulation methods provide a quick, less expensive, more flexible and repeatable way compared with the experimental predictions [12] .Further, simulation and modeling method is a safe way of conducting studies on animals like chicks to minimize the danger of exposing the young birds to adverse conditions which could lead to high mortalityrates. The results of this study will be used to design and construct solar energy powered brooding systems for further research on use of solar energy for brooding while minimizing the number of trials.
II. METHODOLOGY This study was carried by modeling and simulation. The brooding space was powered by solar energy collected by the trombe wall and rock storage. The air and heat flow to the brooding room influences the relative humidity, temperature and air quality of the brooding envelope.
Sources of heat energy to the brooder
The simulations were accomplished using Matlab software with modeling equations and design parameters.Hence the dynamic brooding room temperature (Tbr) is expressed as shown in equation 2.1.Since the ambient temperature varies according to the time of the day, the internal temperature of the brooder will also vary with the time of the day. Therefore, the energy balance equation of the brooder can be expressed:
The following were sources of heat gain to the chicks brooding room: Heat gain from the trombe wall (Qtw), heat gain from the rock storage (Qrs), Sensible heat generated by the chicks (Qbs), latent heat generated by the chicks (Qbl). While the heat losses were: Heat loss due to ventilation (Qvl), heat loss through the floor (Qfl), heat loss through ceiling (Qcl).The energy gain or loss of the brooding room is influenced by the internal volume (Vbr) of the brooder, specific heat capacity (Csh) and the density (ρa) of the air enclosed in the room. The energy from the trombe wall is given by:
The heat gain from the trombe wall is influenced by surface area of trombe wall surface(Atw), heat capacity of the wall material, the back wall surface temperature(Tbs)and the brooding room temperature (Trm). The energy from the rock storage is given by: [13] show that, the overall ventilation heat exchange of a building is the total of the air flows at all the outlets or inlets. The overall ventilation heat exchange is given by Qvl = mc p(Trm -To )
Brooding Envelope Air Quality
This study confined the quality of brooding room air on the amount of ammonia gas emitted in the brooding envelope. The ammonia gas emitted was predicted by; = (−6.5 +0.12 ( )+0.6 ℎ+0.003 ( )−0.0043 ( ) 2 ) ….. 2.9
2.3 Determination of wall thickness that stores adequate energy for optimum brooder temperatures The wall thickness wereset at four levels, thus, 100mm, 150mm, 225mm and 300mm. These are the sizes of bricks commonly used for construction in Kenya, Secondly,the energy required to create indoor comfort is directly affected by a building's microclimate [13] , [14] .Further, [15] asserts that, to minimize the utilization of energy systems inside a building to obtain climate comfort which is affected by exterior factors, it is essential tomake sure that the design parameters, which are within the designers control, are selected with suitable values.
The experiments were run using the equations 2.1 to 2.9. The inputs being, mean hourly ambient temperatures per month for whole year, wall thickness of 100mm, 150mm, 225mm and 300mm. While the outputs were; hourly internal brooder temperatures. The brooder pH was set at 10 and the ammonia concentration simulated for 28 days at brooding floor temperatures of 14.8 0 C, 18.7 0 C, 22.6 0 C and 27.4 0 C. Fig. 2 .1 is the flow diagram for running the study.
From this study it is deduced that the wall thickness of 100 and 150mm are suitable for development of a chicks' brooder. Though, supplementary source of heat will be required to keep the birds comfortable for the first one week of brooding period. Since the temperatures attained in the brooder are slightly below optimal brooding temperatures for the first seven days of brooding. According to [15] the microclimate conditions surrounding a building have a direct impact on the energy consumption necessary to provide indoor comfort. Therefore, type of walling material will influence amount of heat energy required to keep the brooding room temperature within the required limits. Simulations for ammonia concentration showed that concentration of the emitted gas increased exponentially from day one to the 28 th day for brooding floor temperatures of 14.8 0 C, 18.7 0 C, 22.6 0 C and 27.4 0 C. The highest emission of ammonia was recorded at the temperature of 14.8 0 C for the first fifteen days; but after the 15 th day the temperature of 18.7 0 C recorded the highest emission of ammonia. Conversely, the temperature of 27.4 0 C yielded the lowest ammonia emission. Emission of ammonia gas is likely to be caused by birds' droppings, the dampness on the floor and microbial activities on the floor of the brooder. This results show that at high temperatures the amount of heat energy in the brooding room is high, hence the room is likely to be drier consequently less microbial activities on the brooding floor leading to less ammonia generation . Fig.  3.3 shows the ammonia gas emission for the 28 days brooding period. 
IV.
CONCLUSION This study showed that the wall thickness of 100 and 150mm are suitable for development of a chicks' brooder. Though, supplementary source of heat will be required to keep the birds comfortable for the first one week of brooding period. The exponential increase of the emitted ammonia gas from day one to the 28 th day of brooding shows the significance of designing brooders to have provision for facilitating removal of birds' droppings in order to minimize emission of the ammonia gas from the floor of the brooder.
